Abstract. We describe the case of a six year old boy with findings consistent with myotonia congenita: muscular hypertrophy, stiffness when commencing movements and typical warm-up signs. The most prominent symptom was myotonia of the eyelid muscles with apparent swelling around the eyes. Even though the pronounced warm-up phenomena in our patient suggested a chloride channel-associated myotonia congenita, the myotonia of his eyelid muscles indicated an involvement of sodium channels. Screening for mutations in the underlying CLCN1 gene was negative, however, in the SCN4A gene, we identified the missense mutation c.2108T>C; p.Leu703Pro for which there is strong evidence of pathogenicity because it arose de novo in the index patient.
INTRODUCTION
The non-dystrophic myotonias belong to the group of muscle ion channelopathies. Traditionally two clinical groups have been described: myotonia congenita (MC) and paramyotonia congenita (PMC), caused by a defect in the chloride channel and the sodium channel, respectively.
The typical clinical picture of MC is muscle stiffness (myotonia) and muscle hypertrophy. The myotonia is most pronounced when movement is initiated but decreases when the movement is repeated several times, the so-called warm-up phenomenon. The autosomal dominant MC, also called Thomsen disease, characteristically has an early onset (infancy to early childhood) while the recessively inherited form may have a later onset but is more severe [1] . These * Correspondence to: Kristin Ørstavik, Department of Neurology, Oslo University Hospital, Box 4950 Nydalen, 0424 Oslo, Norway. Tel.: +4792422126; Fax: +4722118580; E-mail: krorstav@ous-hf.no. disorders are caused by mutations in the CLCN1 gene, which encodes the major muscle voltage-gated chloride channel [2] .
Sodium channelopathies are also associated with myotonia and were previously thought to include three disorders: Paramyotonia congenita, which is precipitated by cold and aggravated by exercise; Potassiumaggravated myotonia (PAM); Hyperkalemic periodic paralysis. All three can be caused by mutations in the SCN4A gene, which is located on chromosome 17 and codes for the alpha subunit of the voltage-dependent sodium channel. Lately it has become clear that mutations in the SCN4A gene can give rise to myotonia that is not aggravated by exercise nor influenced by potassium. These are named sodium channel myotonias (SCM) [3] .
CASE REPORT
A 6-year old boy was referred for a consultation at the Oslo University Hospital due to recurrent episodes of "involuntary eyelid closing". These episodes had increased in frequency with age and could be provoked by tiredness, stress or fright. During an episode, his eyelids remained closed for several seconds but he could use his fingers to manually open them. In addition, episodes with localized swelling around one or both eyes were observed. The swelling would build up over several seconds and then disappear spontaneously. Furthermore, he had difficulties initiating movement after periods of inactivity but he did not complain of pain related to the stiffness. His parents reported that his speech articulation and mastication could also be affected. The symptoms did not appear to be influenced by temperature. He was the eldest child of unrelated parents. His mother had hearing impairment, but the parents were otherwise healthy and there was no history of neuromuscular disorders in the family. Attainment of motor developmental milestones was described as normal; he sat independently at 7 months and walked at 15 months. On direct questioning, however, his parents reported that his movements appeared "clumsy" from the time he began to walk and that the symptoms related to his eyes were already present when he was an infant. However, they had never registered episodes of strained respiration or respiratory arrest.
On clinical examination there was generalized muscle hypertrophy, especially around his torso and neck, with unusually prominent trapezius muscles (Fig. 1) . He had increased lumbar lordosis. During the examination he had several episodes of swelling, both unilateral and bilateral around his eyes. After closing his eyes tight, it would take several seconds before he could open them again (Fig. 2) . Except for eyelid myotonia, his eye motility was normal.
A warm-up sign/phenomenom was demonstrated when initiating walking, and when testing his ability to open his eyes after repetitive, intense closure. Cooling down the orbicularis oculi with ice had no evident effect on his clinical myotonia.
Ophtalmological and neurological examination was otherwise normal. He had normal creatine kinase levels. Neurophysiological examination was limited due to the patient's lack of cooperation. Electromyographic (EMG) investigation of his right tibial muscle demonstrated profound myotonia. There were no clear signs of myopathic motor units. Nerve conduction study was only possible in one peroneal nerve, and this was normal. Neither of his parents had clinical myotonia and EMG studies were normal in both.
Direct sequencing of the SCN4A gene (Ref.Seq: NT 010783; NM 000334.4) revealed a heterozygous T > C transition at nucleotide 2108 resulting in substitution of a leucine by a proline at codon 703 (c.2108T>C; p.Leu703Pro). This sequence variant was not found in the following population databases: dbSNP, 1000 Genomes Project, and ESP. Thus, the variant is unlikely to be a normal variant. A segregation analysis in the family revealed that the variant was not present in either unaffected parent supporting a de novo occurrence in the index patient. The CLCN1 gene was sequenced and no mutation known to cause MC was found.
DISCUSSION
The mutation c.2108T>C; p.Leu703Pro in SCN4A identified in our patient has not been described as a pathogenic mutation or as a polymorphism in the literature or in international databases. At the protein level the resulting amino acid exchange is located in the fifth membrane spanning segment of domain II of the protein. Both bioinformatic prediction and segregation analysis with a de novo occurrence of the mutation in the index patient, strongly support a pathogenicity of the mutation as disease-causing for a sodium channel-associated condition.
A diagnosis of MC could be suspected in this patient as clinical examination revealed generalized muscle hypertrophy, myotonia and warm-up phenomena. Furthermore, his symptoms were not influenced by cold temperatures, a finding that has been reported in up to 79% of myotonias associated with SCN4A mutations [4] . As neither parent had abnormal findings on clinical or neurophysiological examination, a recessive variant of myotonia congenita could be suspected. Warm-up phenomena is, however, also reported in sodium channel myotonia [5, 6] , and moreover, the most striking symptom in our patient was myotonia of his eyelid muscles causing delayed orbicular relaxation after closing his eyes tightly. More frequent and severe myotonia in the eyelid muscles has been described in sodium channel myotonias as compared to that in myotonia congenita [3, 5, 7] and may be the presenting or indeed only symptom in these patients. Stunnenberg and colleagues published two families with several members in each, displaying isolated myotonia of eyelid closure. In both families a L250P mutation in the SCN4A gene was found to be pathogenic [8] . Also, a father and son with extraocular muscle hypertrophy and general myotonia in addition to eyelid-myotonia was first published as a dominant myotonia congenita [9] , but was later confirmed to have a mutation in the SCN4A gene [10] .
Pain has been reported to be more prominent in patients with sodium channelopathies and in a larger study including 30 patients with SCN4A mutations, 57% reported pain [11] . Our patient did not report pain; however this could be related to his young age.
In our patient, the myotonia was present at an early age; the parents described that the orbicular myotonia was already present in infancy. That SCN4A mutations can be causative for infantile phenotypes has been emphasized by recent reports of neonates with severe neonatal episodic laryngospasm that developed generalized muscle hypertrophy with clinical or electrical myotonia only later in life [12, 13] . In several of these cases the patients were succesfully treated with carbamazepine [13] . Mexiletine has been shown to be effective treatment for stiffness in a randomized controlled trial on a larger group of adult patients with non-dystrophic myotonias [14] . So far the symptoms in our patient have been mild and pharmacological treatment has not been initiated.
The finding of a de novo mutation of the SCN4A gene as the probable cause of this patient's myotonia, confirms that patients with general myotonia and warm-up phenomena might very well have a sodiumchannel myotonia. The clinical picture of this subgroup of non-dystrophic myotonias is therefore quite diverse. When myotonic lid lag is present, it is advisable to look for mutations in the SCN4A gene [15] .
The classical sodium channelopathy associated with myotonia is an autosomal dominant disorder with positive family history in most cases [7] . However, awareness of infantile and early phenotypes of SCN4A caused by de novo mutations in sporadic patients will help to identify this potentially treatable condition.
